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/57^ A central control station, which controls wira- 
es5 b3se stations connected thereto via wir^^^^^^^^^ 
and opticalfiber links. Includes a demultiplexing unit (66) 
which demultiplexes signals supplied fronran upper-lev- 



el Btatloa signal conversion units (61^ - 61^) v^»ch con- 

sionals having a unified transmission fonnat. and a dis- 

SSontnlt(62)whlchdlstributesthe 

to the Wireless links and the optical ilber links. 
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Description 

nurrnnnitMr invention 

1. Field of the invention 

roool 1 The present mvenoon generally relates to a ra- 
ZIL It.«on sy.ten, and a centra. ^^^J^" « 

weu 88 to a method of processing signals at the central 
control station 

2. DOTCJfption of the Related Art 

rooo21 Fig.lO is 3 tJtocK diagram showing a configu- 
SSS of SLmunioition links t^tween mobile-commo. 

SooT A «;!Sl^n.ro. station 30 (which may t.e a 
LScentS control station v^enl,as8Stalionshav|ng 
ciusier(;oiii » ....e a radto communica- 

a cluster structure are used) uses « 
lin,^ link 20 and optical communicatJon links 22 ana ZJ 
Teltat^Jsh communication imKs with -J- 

roSSr^hiSr^rcer^^^^^ 

■ ! l«r« (hA communtcation control station. Base- 
:"''J',tnr,uppSdS^^et«,n,inalsarem^^^^^^^ 
™^er^r(MoSl^^^^ though 40„. and the resulting 

cy converters (f.Conv^2M1^^^^^ ^^^2, 4,, 
signals of the ^3 «,„,™/d,vider 42. A 

St"s^crer"rr r ihe combined signal to 

transceiver aqolpmennera. u'tJ t,.^ 34 via 

by being transmitted to the base stanons 32 and 

irooT ThTrSfo P^e's teton 32 uses optica, trans- 
caivpd from the central control station 30 via «"» "P"" 



througn 4p|. 



Multiplex/demuiuplex equipment (MUX/DEMUX) 3 de- 
TtSexes the signals, .nd the ^^l^^-'^^^^^^^J^^ 
converted by the modems 4, through and '^eau«'*V 
^nverlers (!.Ccnv.2) 5, through 5. 
5 nals having a radio frequency that .s used ^''^^j'^^ 
radio base Stahon (BS) 32 and a radio base =tabon (So) 
^3 AVombiner/Clvider 6 combines the modulated s 
nis and a transceiver (TR2) 7 transmit, the combined 

!:L^n me%'ase J «dlo communicauon. the op- 
w 10007] ^'"'2«„„«nklhSir^^^^ 

ie^esLS^ax*-- transmission cpacily secured for 
!nnoT"S:'"!rand 118 are block diagrams showing 

signals if|ro D« „,ultiplex/demumpleK equip- 
rMuSSSS 3? I^S. supplies an output =ig- 

through the optical fiber ^-n^^raion from an opU- 
" (00121 *f":'SVrn.o7n"S^^^^^ 

'=^' ! 1°I Scnal convi^Sr '7. which convert th« sig- 

„gnal for ra-'o irc.;.Tainnte,1.ce dr- 

40 supplied to 3 radio ^'^^"^^^^^ ^^^^cn 34 to mol>ile 
cult) for transmission from the base siau 

When commun.cat.on itnks between the c«n. 

Entr:staUon.nd.he^^^^^^^^^^^ 

[rirpu-r the ^-;sz::^jz:z- 

centra. 'S^a maxi^^^^^ -^-'^^'^ 

so t>e secured to ' "^7" u^oy converters must 

^ rn!rn tne case of radio communication, and s.g- 
cationlinkin the case o ^^^^ ,0 be 

nal converters fo/each communica- 

« P-lded as many a nec^sar, ^ ,,„^,„„3tlon. This 



^^rkln'the'ca^ o cpU^l-flb^r communication. Thi. 
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station system and a central control station which can 
harmonize transmission fom^ats of radio communica- 
tion links and opttcal-flber communication (Inks, and can 
gather all the signal converters to the central control sta- 
tion, thoretjy achieving hkjh overall performsncs and ef- 
frcient accommodation of communication linefi. 

gllMMAPY Qt= THE iNVENTION 

[00161 It is a general ot>ject of the present invention 
to provide a radio base station system and a central con- 
trol station that substantially obviate one or more of the 
pn^blems caused by the llmltatJons and disadvantages 
of the rotated art. 

[0017] In order to achieve the above ob|ect according 
to the present invention, a centra! control station, which 
controls radio base stations connected thereto via radio 
links and optical fiber links, includes a demultiplexing 
unit which demultiplexes signals supplied from an up- 
per-level station, signal conversion units which convert 
the respective demultiplexed signals into converted sig- 
nals having a unified transmission fbmiat and a distri- 
bution unit which distributes the converted signals to the 
radio links and the optical fiber links. 
rooiBJ In this manner, the demultiplexing unit demul- 
tiplexes signals supplied from the upper-level statksn. 
and shared use of transceivers between radio commu- 
nication and optical communication can be made by 
converting the demulUplexed signals into the signals 
having the unified transmission format This achieves 
efficient use of hardware resources. 
100191 Further, the distribution unit distributes the sig- 
nals having the unified transmission format, so that 
switching of communication links can be engaged by 
taking Into account tratftc conditions in accordance with 
Indications of signal destinations. This makas It possible 
for different communication links to make shared use of 
the signal conversion units. 

[00201 According to another aspect of the present in- 
vention, the central control station as described above 
such that said signal conversion unite are Intemnedl- 
ate-frequency conversion units which convert the re- 
spcctlve demultiplexed signals Into Intemiedlate fre- 
quency signals having an Intermediate frequency, and 
said central control station further Includes a radio fre- 
quency conversion unit which converts one of the inter- 
mediate frequency signals into a radio frequency signa 
having a radio frequency, a radto transmission unit 
which transmits the radio frequency signal to one of the 
radio base stations, and an optical signal transmission 
unit which transmits one of the Intermediate frequericy 
signals to one of the radio base stations after converelon 
thereof into an optica) signal, whereby the signals from 
the upper-level station are transmitted by the radio 

transm ission uni t to the one of the radio base stations 

— ^ne'ctidtolhi^tral^ c^^^^^ 

radio unks. end are transmitted by the optical signal 
transmission unit to the one of the radio base stations 



10 



IS 



20 



2S 



20 



3d 



^5 



50 



6S 



connected to the central control station vin one of the 
oplkal fiber links. 

[00211 manner, the optically transmitted signal 

has a fomiet that is different from that of digital sitjnals 
used in conventional cases, and Is transmiUod e^ mod- 
ulated signals by using an Intermediate frequency range 
used for radio communication. This makes it possible to 
share use of transceivers between radio communication 
and optical communrcation. Further, use of thf* distrltm- 
tion unit arhieves efficient use of hardware resources. 
[0022] According to another aspect of the present In- 
vention* the central control station as rtoscribod floove 
Is such that siJld signal conversion units ^ro radio-fre- 
quency conversion units which convert the respective 
demultiplexed signals Into radio frequency signals hav- 
ing a radio frequency, and said central control station 
further Includes an intermediate frequency conversion 
unit which converts one of the radio frequency signals 
into an intermediate frequency signal having an inter- 
mediate frequency, a radio transmission unll which 
transmits one of the radio frequency signals; to on« of 
the radio base stations, and an optical signal transmis- 
sion unit which transmits the Intermediate frequency sig- 
nal or one of the radio frequency signals to one nf the 
radio base stations after conversion thereof into an op- 
tical signal, whereby the signals from the upper-levei 
station era transmitted by the radio transmission unit to 
the one of the radio base stations connecled to Hie cen- 
tral control station via one of the radio Jinks, and are 
transmitted by the optical signal transmission unit to the 
one of the radio base stations connected lo thft» central 
control station via one of the optical nber link.«5. 
[00231 Ih Ihls manner, the signals are converted into 
the radio frequency signals, which are then transmitted 
to respective communication links, in this configuration, 
radio transceivers require only the function of signal am- 
plificatlon. When signals are to be transmitted through 
optical fibers, the signals are converted into H frequency 
range suitable tor transmission, This provides greftter 
letltude In designing of optical systems. 
[0024] According to another aspect of the present in- 
ventton the central control station es deficrtbed above 
Is such'that said signal conversion units are radio-fre- 
quency conversion unite which convert the respective 
demultiplexed signals into radio frequency r-ignal.c; hav- 
ing a radio frequency, and said central control otaUon 
further Includes a radio transmission unit which- trans- 
mits one of the radio frequency signals to one of the ra- 
dio base stations, and an optical signal transmission uriit 
Which transmits one of the radto frequency signals to 
one of the radio base stations after converaion thereof 
into an optical signal, whereby the signals from the up- 
per-level station are transmitted by the radio transmis- 
sion unit to the one of the radto base stations connected 
to the central control slaUon vis one of the radk) links, 
-and-are-transmltted_bymeopti<^L6lgnaUrDnsr^^ 
unit to the one of the radio base stations connected to 
Xt^e central control station via one of the optlcel fiber 
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polsi in this manner, the signals are converted mlo 
he radio frequency signa(s. Which are then ^"sm.tted 
to respective communication l.nKs. In this "^a"^"""- 
radio transciversrequire only the '^'''S"*'^"^ 
plilication. When signals are to be transmitted through 
optSriDers. the signals are transmitted o-e«^ved as 
signals having a radio frequency range. Th.s achieves 
;Uplete match between the 'ignaljansm-sslon for- 
mat of radio connmunicatlon and that of opbcal commu- 
^«?on AS a resutt. tha central control station can ar 
ranoe equipment therein without regard to transmission 
Sm used for respective conin.uni««on «nK. 
[00261 Accortlng to another aspect of tho Presarrt «n- 
Son. the centra, control station descnD«d al»ve« 
Sch that said signal convention units are bwe-ba^i 
SSjIatlon units which convertThe ^''^^^J'''^.^^'^^. 
SSSed signals into base-band signals, and sa.d central 
cS sLon further Includes a 
version unit which converts one of the base-band slo- 
na 6 .nto an analog signal, a radio frequency convers on 
Cn« ^ch conv^As the analog signal into a radio tr^ 
Quencv signal having a radio frequency, a radio trans- 
mission unit Which trlnamits the radio frequency signal 
« one of the radio base Stations. «nopttaal signal «|n. 
version unit which converts one of the basa-l^and s^ 
na^ into a signal for optical fiber commun,catlon. and 
In oScal signal transmission unit which converts the 
sional for optical fiber communication into an opncal s.g- 
nS ar7t^nsmits the optical signa. to one of the radio 
^se^aBons. whereby the signals from the upper-level 
sTaTon te transmitted by the radio transmission un,t» 
Te one Of the radto base stations connected ^ ^« 
tral control station via one of the radio ^"f 
Unsmltted by the optical signal t""':;'^'*^^''^,^^ 
one of the radio base stations » ^ 

control station via one of the optical . 
m0271 in this manner, when communlcaflon HhKs be- 
Kren the central control station and the radio base sla- 
52^ arl mostly optical fiber links, optical transmission 
r^9ua»y patormeo as digital transmission, thereby 
ec^Saneasierconfigurationofopticalfra^ 
s«tems Further, since the base-band modulation units 
Si bTshared. efficient use thereof is achieved, 
moaa! Accorting to another aspect of P^*""' '^^ 
lention, th- central control station as 
is aucn that said signal conversion units are W^e-Wnd 
modulation units which convert the «'»P«^«^^«.^*'^"1"'"; 
riexed Signals -nto base4»and signals, and said central 
S^i station further Includes a '^^^^"^^^^ 
vers«n unit which converts one of the base-band s©^ 
na sTnto an analog signal, a radio frequency conver^on 
unit Sch converts the analog signal '-^o.,^^^ 
quancy signal having a radio frequency, an Intermeeliate 
frSuZ.^ conversion unit which converts one o the 

'J^^rfbandsignalsintoanioterme^ 

having an intermediate fraquency. a radio «^8n«"i'*^°" 
Sit v^ich transmits the r^dlo frequency signal to one of 



thp radio base stations, an optical signal conversroo un.t 
which converts one of the base-band signals mlo a sig- 
nal for optical fiber communication, and an optical signal 
transmission unit which convert*; the mtermediate «ra- 
s quenoy signal or the signal tor optical fiber communica- 
tion into an optical signal, and transmits tne optical s.g- 
r«al to one of the radio base stations, whereby the signals 
from the upper-level station are transmitted by tha radio 
SnsmlssrcJn unit to the one of the radio base stations 
.0 connected to the central control station v,a one of the 
radio links, and are transmitted by the oP""' ^S";; 
transmission unit to the one of the radio base stat ons 
connected to the central contnsl station via one of the 
oodcal fiber links. , , 

•s [00291 in this manner, the radio transceiver for relay- 
no from one radio base station to another radio base 
StioSirs implemented by the frequency conversion un., 
alone. This helps to simplify the device structure, 
raWOl According to another aspect of the Present ^- 
20 vention. a method of processing signals m a control . ta- 
Uonwhichcontmlsradlo base stations connectedthe^^^^^ 
n via radio links and opHeal fiberHnksHtcludes.the steps 
Of d^jl;l^.aKing signals supplied frem an upper.eve, 
station, converting the demultiplexed "O^^ ' 
^5 verted signals having a unified transmissionformaU and 
SSbutlng Ihe converted signals to the radio links and 

thd aotlcai fiber links. 

ZSl m this manner, the steps of demultiplexing sig- 
nals supplied from the upper-level station, converting 
w S d-mtSiprexed signals into convened signals having 
,SJnrd'ansmisslonformat.anddistribunr,g^^^^ 
verted signals to the radio links and the ''P'"^"^^' ""l^^ 

mlTlt possible to share ^'^-^^^^^^^''^^X^ 
communication and optical communication. Purther. 
« d^Tb^onoftheslgnalsoftheuni^dtransm^^^^ 

mat achieves efficient use of ^^^^'^ '«^J^/^„, ^. 
raoaai According to another aspect of the present in- 

aSJo-baUta^onsysteminclud^^^^^^^ 
of radio base stations, and a central control 
.0 S^Wng said radio base stations '^-l^^^^'^^^,^^ 
of said radio base stations direcny via optical t.oers. 
Sh^Snone O, said radio base station, include« a rad.o 

J«^ency conversion unit configured to convert an n- 
SSe'frequency signal into a radio ^n^-^-;^^s^:^ 
« nal and a radk) transmission unit configured to '""^mu 
S rSo .Cency signal to ar»ther one of s-d ra«l^o 
base stations whereby said one of sa-d radio base sta- 
SS^Sesasignaliavinganlntermad^^^^^^ 
trom the central control staUon. and <«"»""'*.'^*^'^"!' 
5C received from the central control statton to sa.d another 

• Joo33 2 "'s manner, a radio base station ^n tr^s- 
rnit a signal to another radio base siation by converting 
TsinS received from the central control stajon to 
s, ^a^Sge fr^an in.ertn^ia.e frequency -o -^'^ 
ouancv and this conversion is all that it. necessary. 

?S'4«xoh«ngtoanother-aspectof,the.^ 

St. e^^base-station system includes a plurality 
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of redio base stations, and a central control station con- 
troliing said radio base stations and connected to some 
of eald radio basa stations directly via optical fibers, 
wherein one of said radio base stations includes a radio 
transmission unit configured to transmit a radiofraquen- 
cy signal to another one of said radio base stations, 
whereby said one of said radio base stations receives 
a slgnnl having a radio frequency from the central con- 
trol station, and transmits the signal received from the 
central control station to said anottiar one of said radio to 
' base stations. 

[0035] in this manner, a radio base station can trans- 
mit a signal to another radio base station by converting 
a signal received from the central control station to 
change from an Intarmediate frequency to a radio fre^ 
quency. and this conversion la all that is necessary. 
(003 61 Acoondlng to another aspect of the present lr>- 
ventlon. a radlo-base-statlan system includes a plurality 
of radio base stations, and a central control stailon con- 
trolling said radio base stations and connected to some » 
of said radio base stations directly via optical fibers. 
Wherein one of said radio base stations Indiidas a dig- 
ital-to-analog conversion unit configured to convert a 
base-band signal into an analog signal, a radio frequen- 
cy conversion unit configured lo convert the analog sig- 
nal Into a radio frequency signal, end a radio transmis- 
slon unit configured to tnansmit the radio frequency sig- 
nal to another one of said redo base stations, whereby 
said one of said radio base stations receives a signal as 
a digital signal from the central control statton, and trans- 
mits the signal received from the centra! control station 
to said another one of said radio base staUons. 
[0037] In this manner, a radio base station coverts a 
digital signal to a radio signal when the digital signal is 
received from the central control station, and can relay. 35 
the radio signal to another radio base station. 
[0038] Other objects and further features of the 
present Invention will be apparent from the following de- 
leited description when read in conjunction with the ac- 
companying drawings. 

omgc npQCRiPTION OF THE DRAWINGS 
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Fig .1 Is a block diagram showing a first embodiment 
of the present invention; 

Fig.2 Is a block diagram showing a -«5econd embod- 
iment of the present invention: ^ ^. <„ 
Flg.3- is a block diagram showing a third embodi- so 
ment of the present invention: 
Figs 4A through 4C are block diagrams showing 
configurations of radio receivers provided in the ra- 
dio base stations shown In Flg.i through Flg.3: 
Flq S Is a block diagram of a modem: 
-Flg;6 ls-a block-diagram showlng-a-fourth-embodh—- 

ment of the present Invention; u«4i^-«* 
Flg.7 Is 0 block diagram showing a fifth ombodimem 



of the present Invention: 

ffig.8 Is £* block diagram of a transceiver of a radio 
base station connected to the central control station 
via an optical-fiber communication link In the fourth 
and fifth embodiments; 

Flg.9 is a block diagram showing a sixth embodi- 
ment of li^e present Invention. 
Fig. 10 Is a block diagram showing a configuration 
of communication links between mobile-communi- 
cation base stations; and 

Figs.llA and 1 1B are block diagrams showing con- 
figurations of transceivers of radio base stations. 

DESCRIPTION OF THE PREFERRED 
EMBQOIMEf^S 

[00401 <n the following, embodiments oi the present 
InvenHon will be described with reference in the accom- 
panying drawings. 

[00411 Flg.1 IS a Wock diagram showing a first embod- 
iment of the present invention, 

[0042] A central control statton 50 (which may be a 
duster central control station when base stations having 
a cluster stmcture are used) IndudeR centrally located 
modems (MODEM2) 61 1 through 61h ^or communica- 
tion between the central control station SO and radio 
base stations 51. 52. and 54. Signals arriving from the 
communication control station aro demultiplexed by 
multlplex/demumplex equipment GO to be supplied to the 
modems 61. j through 61 . 
[0043] upon receiving the signals, the modems ei, 
through 61n generate signals having Intermediate fre- 
quency (IF). The IF signals output from the modems 61 y 
through 61n are distributed by delivery equipment 62 to 
communication links. In respect of a radio communica- 
tion link 20. a frequency converter (f.Conv.2) 63 con- 
verts the IF signals into signals (RF) having a radio fre- 
quency (RF). and a radio transceiver (TR2) 64 transmits 
the RF signals lo the radio base station 51 . 
[00441 in respect of an opdcfll-fiber communication 
link 23. the IF signals are converted Into optical sigrals 
by optical transceiver equipment (E/O. O/E) eSj. The 
optical signals are then transmitted tn the radio base sta- 
tion 54. 

[00451 Receiving IF signals vta an optlcal-nber com- 
munication link 22. the radio base station 52 uses optical 
transceiver equipment (O/E. E/O) 70 to the re- 

celved signals into electrical signals, which are then 
converted into RF signals by a frequency convorler (f . 
Conv2) 71. A radio transceiver (TR2) 72 transmits the 
RF signals to a radio base Station (BS) 63. In this man- 
ner the radlo base station 52 serves to provide a relay 
function. This relay function Isachleved by a simple con- 
figuration having the function of frequency conversion, 
and this is all that Is necessary. 
mm _Thejdeliyery_equlpmenl62Js^q^ 
switching function, and switches destinations of trans- 
missions with respect to the IF signals from the modems 
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61, tnraugh6lM. depending on communication statuses 
such as traffic statuses 

[0047] Further, the delivery equipment 62 con can- 
nect alt the signals from the 

to a single destination, or can connect signals from a 
plurality of radio i>ase stations to a Single modem 

SSSSf^l" tfie f>fs' emDOdlmenl. optically transmitted 
siqnels have a signal fom^at that Is not «^eJormat of or. 
inery digital signals, but are trar«",med through an ^ 
tem,ediate frequency tJand that is used for rad.o com- 
Scation. TWs achieves shared use of transceivers 
bet^en the radio communication and the optical corn- 
municatlon. Further, use of the deliveiy equipment 
makes efficient use of the resources. 
[0049] Fi9.2 is a block diagram 8how!f»g a second env 
Dodlment of the present inventlen. 
rbOSOl -rue central control station SO includes the cen- 
rally located modems (MODEM2) 61 , through 61^ for 
Slunicatlon between the cental ^ntrol s^ton 50 
and the rad-o base stations 51. 52. and 54. Signals ar- 
S^ngfrom the communicatton control station aredemul- 

Sex'^CultlplexequtpmenteOtobe supplied to the 

modems 6i , through 61n- m 
mosil Upi-n receiving the signals, the modems 61, 
hLgh eCgenerate signals having intermediate fre- 

f?«Su2.^ signets by frequency "nverters J^Conv_2) 
erthrough 66m. and the RF signals are supplied to the 
Sli S^scelv^r (TR2) 64 via the delive^ equpment 
62 ?he radio transceiver 64 transmits the RF signals to 
ihe radio base station (BS) SI. . ^. 

raQS21 in respect of the optical-fiber commun.cat.on 
ink 23 the RF signals are converted by a frequency 
ronvertar (f.Conv.3) 67 into signals having a frequency 
Zl ,l n I F ranae) for optical-fiber transmtss.on. and 
Te'l^iher conrrt^rnto'op^^^ sig-.a by the optica, 
transceiver equipment (6/0. O/fi) 65,. THe opt.cat s^- 
„" s thertransmined to the radio base staUon 54^ 
rnn<?-ii Receiving IF Signals through optwal-Bbar com- 
munication mT^^>o bale Stadon (BS) 52 pmvlded w th 
me Sy function uses the optical transceiver equ.p. 
^^nl Se EJO) 70 to convert the received RF signals 
r;S.i(°si,na,s. The radio .an.ce.v^ (TH2,j^ 
transmits these electrical signals to the 
tion (BS) S3 viB lha radio comrnun.cation link 21- in th.s 
a,anner. the configuraUon of the equipment with the re- 
lay function can be significantly simplified. 
ro0541 In the same manner as In the first embed ment 
SVeliverequlpment 82 is equipped with a switching 
un<ion and switches desUnaUons of t«nsm^sions 
wirrespect to the IF signals from the rnodems 81 , 
ThSugh 61N. depending on communication statuses 
such as traffic statuses 

fOOSSl Further, tne delivery equipment " "L"^ 

£OTh-i^igna,s^rom-,he-modems6irthwu^^^^ 

tea single destination, or can connect s-gnals from a 



plurality of radio base stations to a single modem 

(MO0eM2). ^. . . 

roosei in the second embodiment, distribution of sig- 
nals is attended to in the radio frequefwy range, so thai 
5 radio-communication transceivers can be implemented 
only by using the function of signal amplification. When 
signals are transmitted through optical-fiber eommun,. 
catidn links, these signals are converted into signals o 
a proper frequency range that is suitable (o optical 
.0 fransmission. This Increases latitude in designing opU- 
cat transmission systems. 

[00571 Fig.3 is 9 block diagram showing o third «.m. 
bodiment of the present invention, 
roosai In the embodiment of ng.3. as far as the radio 
.5 communicetlonlink20isconcerned^thoRF,^l^^^^^ 
trtbuted by the delivery equipment 62 are transmitted by 
the radio Lnsceiver (TR2) 64 to the radio base Sta^«" 
(BS) 51 in the same manner as in the second emoodl- 

.0 Xai Inthecaseoftneoptical-fibercornmunicaBdn 
link23. the optical transceiverequlpment(e/0, O/E eSj 
S^lts the signals into optical 
maintain the radio frequency thereo . ="1, t:^"7"* 
oetical slqnals to the radio base StflUon (BS) 54. 
» £ ^-rther. the radio base station (BS, 52^ which 
" provided with the relay functten. can use the radio 
ZJ^w^r (TR2) 72 to transmit the optically received 
Sna" rme^' io base station (BS) 53 through radio 
while retaining the radio frequency of the signals. 
30 'nthathirdembodlment.thedistribut.onofs,9- 

nSs s attended to in the radio frequency range so that 
SSradlo^Ssceivers can be implemented only by u^^ 

Ihe function ol signal ampllficaUon. 
M^rSenw^en signalsare transmitted ihrou^H^ 

33 Ll-nber communication linKs. 

lowed to retain the radto frequency range ihereor i nis 
guTr^nlees a complete match of signal t^n'-'^'^^J^^^^ 
mato between the radio communication and the optical 
corSnunSo^^ a result, the central '^J;- 
.0 ZTus. a device arrangement that 
transmission medium of the 
[00631 Further, since the device 
m« central control station is tne same for arry commu- 
ttlnTirbXeen the central control station and the 

bllihr of the equipment is Improved. Use of V.e ^envery 
;;Xmen«62>«ipstomakeefficientuseofthe 

.0 foJe?' M%eover.mcdemsandthe.ikecan.^^^^ 

Id at any Ume depending on the traffic condl^ons or 

Mk- between central control stations and radio base sta- 

Ions. W to improve the effic^ncy o, accommo- 

dalion of commuriicBtlon links. «,k«ou 

« foS F19S.4A through 4C are block dlagrarns sh<^- 

ng configurations of radio receivera P~;^'^«f 



dto Dase.stations-snown_in riy^j_^!ji^i*^^ 
•JoS Fig.4Asnowstheradlobasestat»onconnecled 
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through the radio communication link. 
[0067] A radio recelver/tranfu^iver (TR2) 80 receives 
a radio signal via an antenna, and a frequency converter 
(t Conv.2) 61 converts the received signal Into a signal 
having an intemiediate frequency (IF). Modem 
(M0DEM2) b2 than converts the IF signal into a base- 
band signal, which le supplied to a radio transmission 
circuit (air interfaco circuit) for transmission from the 
base station to mobile stations. 

[ooeai FIg.4B shows a case in which an intemfiedlate 
frequency signal is received by a radio base station con- 
nected to the central control station via an optlcaUflbor 
communication link. ^ , - i 

£00691 After being converted Into an electrical signal 
from an optically transmitted signal, the interrnedlate fre- 
quency signal is converted by a modem (MODEM2) 63 
into a base-band signal, which, is supplied to a radio 
transmission circuit (air interface drcuil) for transmis- 
sion from the base station to mobile stations, 
100701 FI0.4C shows a caea in which a radlo-fn^quen- 
cy signal Is received by a radio base station connected 
to the central control station via an optical-fiber commu- 
nicflilon link. . ^. ^ 

[0071 ] A radta frequency signal, after conversion from 
an optical signal of the optical fiber into an eledrtoal slg- 
nal is supplied to a frequency converter (f .Conv.2) 84. 
which converts the signal into an Intemiediate frequency 
sianal. The output of the frequency converter 84 la con^ 
verted by a modem (MODEM2) 85 into a base-band sich 
nat which is then supplied to a radio transmission drcuit 
(air interface circuit) for transmission from the base sta- 
tion to mobile stations. 

[0072] Flg.5 Is a block diagram of a modem 
(MO0EM2). ^ 
[00731 A base-band digital signal supplied to the mo- 
dem Is subjected to digital signal prpcesslng by a base- 
band modulation/demodulation unit 86. A D/Arand-A/D 
converter (O/A. AiD) 87 converts the output of the base^ 
tjand modulation/demodulation unit 66 into en analog 
signal, which is converted Into an IF signal by an IF con- 
version unit 88 before being output 
[00741 Flg.6 is a block diagram showing a fourth em- 
bodlment of the present invention. , „^ 

[00751 In this embodiment, the functions of the mo- 
dem (MOOEM2). which are used for communication 
tween the central control station 50 and the radio ba^ 
stations (BS). ara broken down. The central control sta- 
tion 50 Includes centrally located base-band rnodula- 
tlon/demodulation units 91, through 91m. Signals amv- 
Ing from the communication control station are demultl- 

SCdelltiplexequ,^ ^r.^^J^n^^^^^^^^^^ 
be supplied to the base-band modulalion/demodulatJon 
units 91, through 91^. Upon receiving the ^9"?^^ <^ 
basB-bandmodulation/demoduiaUon units SI, U^rough 
91m attend to tfgUaLslgnalprocassIng^ 
"modulatronTThe prxH^ssod signals ou put from the 
base-band modulation/demodulation units 91, through 



91m are distributed by the delivery equipment 62 to com • 
munlcatlon links. In r^pect of the radio communicalton 
link 20. a D/A-and-A/D converter (D/A. A/0) 92 and an 
IF conversion unit 93 generate an intermediate frequen- 
5 cy signal which Is converted Into a radio frr-quancy sig- 
nal by a frequency converter (f.Conv.2) 94. Th^ rndlo 
transceiver (TR2) 64 then transmits the RF signal to the 
radio base station (BS) 51. 

[00761 In respect of the optical-fiber commumCrtUon 
w link 23, the digital signals from the delivery equipment 
62 are converted by a signal converter 95^ into signals 
having a signal format for optical-fiber digital transmls- 
sion The optical transceiver equipment (E/O. O/G) 65^ 
concerts the signals into optical signals, which arc than 
15 transmitted to the radio base station (BS) 54. 

[0077] The radio base station (BS) 52 is provided with 
me relay function to rolay signals to the radio b3«;e sta- 
tion (BS) 53. and receives the digital signals transmitted 
through the optical fiber. The radio base station 62 uses 
20 the optical transceiver equipment (O/E. E/O) 70 to con- 
vert the received signals into electrtcal signals, which 
arr^ then converted by e signal converter 1 00 into digital 
signals having the same format as the signals output 
from the base-band modulation/demodulation unltK. 
25 Then a D/A-and-A/O converter (D/A. A/O) 101 and an 
IF conversion unit 102 generate intermedlatQ frequency 
signals. The intermediate frequency signals are then 
converted into radio frequency signals by a frequency 
converter (f.Conv.2) 103. and. the radio transceiver 
30 (TR2) 72 transmits the RF signals to the radio base sta- 

miB]^^ in^the same manner as ir» the firtit through third 
embodiments, the delivery equipment 62 is equipped 
with a switching function, and switches desUnations ot 
35 tTBhsmissions with respect to ^e ba»«'band s.gna s 
from the base-band modulation/demodulation units 91, 
through 91m. depending on communication statuses 
such as traffic statuses, ««K-.r«h«r< 
100791 Flg.7 is a block diagram showing a fifth embod- 
4Q imentof the present Invention. 

rooaOl TTie fifth embodiment of Flg.7 differs from the 
ourth embodiment of Ftg.6 in a configuration of the op- 
tical-fiber transmission for transmitting J^ignals to the ra- 
dio base station (BS) 52 that seo/es bs a relay to the 
.5 radio base station (BS) 53. Thatis. tHe^«=^^^^23 
Signals from the delivery equipment 62 ^^J^^f"^^ 
into analog signals by a D/A-and-A/O ^'^^rte^^^^^^ 

96 tollowed by conversion into intermediate f requen- 
Signa^by an IF converaion unit 97. The IF signals 
50 Trat^en converted by the optical transc^r e^^^ 

(E/O. 0/6)65i intoopticalslgnals, which aratransm^ 
hrouch the optical fiber to the radio base station (BS) 
52 radio base station 52 uses the optical transce v- 
ar 'equipment (O/E. E/O) 70 to convert the ^celv^slg- 
55 na^nto electrical signals, which are then convert^ < nto 
RF aionals by the frequency converter (f.Conv.2) 7i. 

?heraS^^^^ 

through radio to the radio base station (BS) 53. 
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rooeH FiQ-8 is a diagram of a transceiver of a 
radio bose etaiton connected to the central control sta- 
tien via an optical-fiber communication link in the fourth 
and fifth embodiments. , 
{00821 Digital signals supplied from the central control s 
station tnrougn the optical fiber ere converted by a signal 
converter 110 into signals having the same format as 
the signals output from the base-band modulatlon/de- 
modulation units. Afterlhis. a base-band modulation/de- 
modulation unit 111 attends to digital processing of s.g- 'O 
nal demodulation so as to produce ordinary base-band 
signals. The base-band signals are then supplied to a 
radio transmission cifrjult (air Inteiface circuit) for trans- 
mission from the base stauon to mobile stations. 
[00831 in the above description, the descflpUon has is 
bean given with regard to flows of signals supplied from 
the communication control station. It should tje noted 
that other flows of signals also exist from the radio base 
stattons to the communication control station '"here the 
radio base Stations exchange signals with mobile sta- 20 
tons. Such flows of Signals from the radio base stations 
to the communication control statton can oe implement- 
ad bv aoDlVinq processing that is reverse to the process- 
^gdascnbedobov^^ Forthe saKe of simpndty of expla- 
nation, a description of such processing has been omit- 
ted 

[0084] Pig.a is a block diagram showing a sixth em- 
bodiment of the present invention. 
10085] IF modutators 200. 202. and 204 receive Sig- 
nels from upperoevel statior^s. and modulate them into 30 
rntermedlate^quency signals. A local osdiia.or circurt 
208 generates a signal having a radio ^'^^^'^J^^ '^. 
response, a laser diode 209 generates 8" °P«^' 
that is modulated by the radio frequency ^lO- The opU- 
C3I Signal is further modulated by external opbcal mod- « 
uitors 210 211 , and 213 by using an intermediate fre- 
otLncy signal F,p supplied from an IF-dellvenr equ.p- 
So6.Asarosult.theoptlcal signal outputs from tt« 

r^ma. optica, modulators 210. 211. and 213 are mod- 
ulated oy the frequenceies F,f, Flo- Plo*'-\f- a™ '^lo 

rao'ae] The optical Signal from the "P"^' 
Sodulator 210 Isconverted by a photo detector 21 5 into 

an electrical signal (F,,. P^o- Plo*F,p. ^'^J^°-J'/J. 
wh.chis.hendlvidedbyadlvider216,Oneof.hedwld«l 

electrical signal is supplied .0 the BPF 217^ which ^- 
lects the fraquency F,o*F,p. "e^e. a <^»«^ptton Is pro- 
vided with reference to a case in which the frequency 
F ♦F,^ is used. Alternatively, the frequency F^o'^tf 
1% be used. The selected RF signal is transmttted ^0 
Zugh an ampllfUr 220. a BPF 223. and an an enna 
225. Funner. an antenna 226 receives a jlQ^J 
fF «*F.ci This signal passes through an amplifier 224, 
L f'^^ency convener 222. and a BPF 219. and Is sup- 
;.I^s rintecmediate frequency signal F., to the up- « 
per-level station via an IF-detlvery M^iP")^"' ^07^ 

100871 AJocaLoscilLatlwiJrequencyjJsed^bj^ 

quancy c«>"verter 222 is a signal having the frequency 



F, Q mails extracted by the BPF 218 from an electncal 
sibnal (F,p. Flo- F,o*Pir- ^nd F^o-Pif) ^^'^ ^^VT 
trical signal is one of the signals divided by the divider 

216. 

[0088] The external optical modui.ntor 211 supphes an 
optical signal to a base station (BS) 238 via on QPt.c.3l 
fiber. The base station uses a photo detector -^■'■I j^ '"- 
vider 229 a BPF 230. an amplifier 233. and a BPF 236 
to transmit the signal from an antenna 260. This 
achieves radio communication with other BSs. 
[0089] An antenna 261 receives a RF signal, and the 
signal is transmitted to the upper-ievel staUon via an am- 
plifier 237, a frequency converter 235. a BPF Z3Z. a la- . 
»r diode 22a. a photo detector 212. and the IF-dellvery 

mMoT' The^external opUcal modul8tor2l3 supplies an 
optk»l signal (F,p. F.q. Fuo^Pu.- and Fj.o-P.f) '° 
station (BS) 2SS via an opUcal fiber The base station 
255 uses a photo detector 241 to convert the received 
Signal Into an electrtcal Signal (F,f. F1.0. ^^o*nf ""f 
F F ) A BPF 2<i5 then extracts an intarmedlate fre- 
quenc!^ signal F.p. which is demodulated by the IF de- 
modulator 243. j...^,^. 
ro0911 A Signal toward the upper station is modulated 
by an IF modulator 244 into an intemiedlate frequency 
signal. and is transmitted to the upper statton ^.a a laser 
diode 242. a photo detector 214. and an IF demodulator 

raoMl In tNs manner, the laser Otade 209 and the lo- 
cal oscillation circuit 208 for downlinks are sh.-»rea by 
different communication links, thereby simpinying the 

SS'^^Aatng the uplinks, the frequency converters, 
222 and 235 use local oscillation Irequendes thai aru 
the frequency F,o detected ^l^^^/^^'^/^^ 
lectors 21 5 and 227 and extracted by the BPFs ^ 18 ana 

having Ihe frequency F^ by use of the laser diode 209 
^d?e tocal oscillalio^fcinruit 208. a mode-lock laser 
or a broadband external moduUtor may be 
10095] in this embodiment, all that the laser .Jlodes 
228 and 242 need to do for the uplink is to perform the 
optical modulation of IF range signals. Inexp«ns.vft de- 
vices suffice for this purpose. 

,0W6) AS described above, the present •nven«on is 
SLted to a mobile communication base ^taOon sys- 
tem. which includes radio base Stations located n re 
spedive cells induding a macro cell and a P'«^ 
nrtcro cells, and further Includes a central control s anon 
STon'omng the radio base stations. The 
trol station is pmvided with all the -o^e^' 
that are needed for eommunicailon with the base sta- 
ins and^P"e .em,inals. That is. all ^e -o^--^ 
oalhered at the center location. This adMeves use of the 
fSTigna. format Oetween radio communication and 

opTca. communication when ^""^ "^^^ 

-|snter«htforstation to the radio base stations. Further^ 
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the outputs of the modems or the like are distributed 
pnaperly by taking Into account traffic condWons or the 
like, thereby providing flexible communication routes for 
communication with the center control center Irrespec- 
tive of the level of development of infrastructure In re- 
sped of the radio base stattons. 
[0097] Further, the present invention can make 
shared use of devices at the central control station be- 
tween different communicatian links, thereby fadlltBtlng 
a size reduction, simpimcation, and easy designing of 
the radio boss stations. 

[00981 Further, delivery equipment having a switch 
function may be used for the purpose of making effkaenl 
use of the modems or the like. This makes it possible to 
provide a mobile communication system that offers high 
overall performance In terms of transmission capacity 
and the like. 

I00«9] Further, the present irTventlon Is not Bmlted to 
these embodiments, but various variations and modifJ- 
caUons may be made without departing from the scope 
of the present Invention. 

[01 001 The present application is based on Japanese 
priority application No. 11-375803 filed on December 
28. 1999. With the Japanese Patent Office, the entire 
contents of which are hereby Incorporated by reference. 
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Claims 

1. A central control station, which controls wireless 
base stations connected thereto via wireless links 
and optical fiber links, characterized by comprising: 

a demulliploxing unit (66) which dsmulliplaxes 
signals supplied from an upper-level station: 
signal conversion units (61, - 61^) wh*c^ 
vert the respective demultiplexed signals Into 
converted signals having a unHIed transmission 
format: ar^d 

a distribution unit (62) which distributes the 
converted signals to the wireless links and the 
optical fiber links. 

2. The central control station as claimed in claim 1. 
charactariied in that said signal conversion units 
(61, - 61 n) are intermediate-frequency conversion 
units which convert the respective demultiplexed 
signals into Intemiedlate frequency signals having 
an Intermediate frequency, and said central control 
station further comprising: 



30 
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a wireless frequency conversion unit (63) which 
converts one of the intemwdlate frequency sig- 
nals into a radio frequency signal having a radio 
frequency: 

a wireless transmission unit (64) which trans- 

-mits-the radio frequency signal to one of-the 
wireless base stations; arid 



55 



an optical signal transmission unit {65^, 65^,) 
which iransmlts one of the intermediate fre- 
quency signals to one of the wireless bas« sta- 
tions after conversion thereof into in optical 
signal. 

whureby the signals from the upper-level si*^- 
tion are transmitted by the wireless trrsnsmic. 
sion unit (64) to the one cf the wireleRS base 
stations connected to the central control station 
via one of the wireless links, and are transmit- 
ted by the optical signal ti-onsmisslon unit (65 
682) to the one of the. wireless base jstatione 
connected to the central control station via one 
of the optical fiber links. 

The central control station as cialmod in claim 1. 
characterized In that said signal conversion units 
(61, • 61 n) are radio-frequency conversion units 
which convert the respedlva demultiplexed signolR 
into-radlo frequency signals having a Mdlo tretvien- 
cy. and Jsaid central control station further compris- 
ing: 

an intermediate frequency conversion unit (67) 
which converts one of the radio frequency sig- 
nals Into an intermediate frequency signal hav- 
ing an intermediate frequency: 
a wireless transmission unit (64) which trans- 
mits one of the radio frequency signals to one 
of the wireless base stations: and 
an optical signal transmission unit (GS^ BS^) 
which transmits the intermediate frequency sig- 
nal or one of the radio frequency sicjnals to rine 
of the wireless base stattons after conversion 
thereof into. an optical signal, 
whereby the signals from the uppar-ievHl sta- 
tion are transmitted by (he wireless tranamls- 
Rion unit (64) to the one of the wcnaless base 
stations connected to the central control slHtlon 
via one of the wireless links, and ere transmit- 
ted by the optical signal transmission unit (65 
85,) to the one of the wiraiess base stations 
connected to the central control station via one 
of the optical fiber links. 

The central control station as claimed in claim 1, 
characterized In that said signal conversion units 
(61, - 61^) are radio-frequency conversion units 
which convert the respective demultiplexed signals 
into radio frequency signals having a radio frequen- 
cy, and said central control station further compris- 
ing: 

a wireless transmission unit (64) which trans- 
mits one of the radio frequency signals to one 
of the wireless base stations; and 
an-optlcaI-signal-tran3miBsion~unit-{65^T-652)- 

which transmits one of the radio frequency siq- 
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nals to one of the wireless base staUons efter 
conversion thereof into an optical signei. 
Whereby the signals from the upper-level sta- 
tion are transmitted by the wireless transmis- 
sion unit (64) to the one of the wireless base ^ 
stations connected to the centrel control station 
via one of the wireless links, and are transmit- 
Icd by the optical signal transmission unit (65, . 
eSa) 10 the one of the wireless base stations 
connected Id the central control station via one ' o 
of the opticsl fiber links. 

The central control station as claimed in claim 1. 
characterized in that said signel conversion units 
are D3se-band modulation units (91 , - 91 n) which is 
convert the respective demultiplexed signals Into 
base-band signals, and said central control station 
further comprising: 

a digital-to-anaiog conversion unit (92) which ^ 
converts one of the base-band signals into an 
analog signal: 

a wireless frequency conversion unit (94) which 
converts the analog signal into a radio frequen- 
cy signal having a radio frequency: . 
6 wireless transmission unit (64) which trans- 
mits me radio frequency signal to one of the ^ 
wireless base stations: 

an optical signal conversion unit (95^ aaj) 
vi/hlch converts one of the baseband signals w 
Into a signal for optical fiber communication; 

and " - 
an optical signal transmission unit 165,. esj) 
which converts the signal for optical fiber com- 
munication into an optical signal, and transmits ^-'^ 
the optical signal to one of the wireless base 

stations. , . 

whereby the signals from the upper-level sta- 
tion are transmitted by the wireless iransmis- 
sion unit (64) to the one of the wireless base 
stations connected to the central control station H- 
via one of the wireless links, and are transmu- 
ted by the optical signal transmission unit (65^. 
65,) to the one of the wireless base stations 
connected to the central control station via one ^5 
of the optical fiber links. 

I The central control station as claimed in claim 1. 
characterized in that said signal conversion unrts 
are base-band modulation units (91, - 91m) which 
convert the respective demultiplexed signals into 
base-band signals, and said central control station 
further comprising: 

a digltal-lo-analog conversion unit (92) which 55 
converts one of the base-band signals into an ^ 

analog-signal: ; 

a wireless frequency conversion unit (94) which 
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converts the analog signal into a radio frequ*?f^- 
cy signal having a radio frequency: 
an Intermediate frequency conversion unit (.y?) 
which converts one of the base-band signfllo 
into an intermediate frequency signal having an 
intermediate frequency: 

3 wireless transmission unit (64) which trans- 
mits the radio frequency signal to one of the 
wireless base stations: 

an optical signal conversion unit {95) which 
converts one of the base-band signals into a 
signal for optical fiber cammunicaUtt>n: and 
an optical signal transmission unit (65i. 65-^.) 
which converts the Intermediate frequency sig- 
nal or the signal for optical fiber communicallon 
Into en optical signal, and transmits the optipl 
signal to one of the wireless basa stations, 
whereby the signals from the upper-level sta- 
tion are transmitted by the- wireless tronsmis- 
sion unit (64) to the one of the wireless base 
stations connected to the central control station 
via one of the wireless links, ahd are transmit- 
ted by the optical signal transmission- unit (65,. 
65,) to the one of the wireless b^ise stations 
• connected to the central control station via one 
of the optical fiber links. 

A method of processing signals in a control station 
which controls wireless base stations connected 
thereto via wireless links and optical fiber links, 
characterteed by comprising the steps of: 

demultiplexing signals supplied from an upper- 
level station; 

converting the demultiplexed signals into con- 
verted signals having a unified transmission 
fomnat: and 

distributing the converted, signals to the wire- 
less finks and the optical fiber links. 

A wlreiess^ase-station system, characterized by 
comprising: 

a plurality of wireless base stations (51 , 52, S3. 
54)* and 

a central control stetion (SO) eontmllino;said 
wireless base stations and connected to some 
of satd wireless base sialions direclly via;opil- 

wheiST "one IS2) of said wireless bas« stations 
includes a wireless frefluency conversion unit 
(71) configured to convert an intermedial^ (re- 
quency signal into a radio frequency s.gnel ar,d 
a wireless trensmtssion unit (72) configured to 
ffansmlt the radio frequency signal to ar^other 
one (53) of said wireless base stations, wnere- 

by-said ona.(52) of-S8id.wlrele9B-ba8a.sta«ons 

receives a signal having an intemiediete fre- 
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quency trom the central control station (50), 
and transmits the siflnal received from the con- 
tral control station to said another one (53) of 
said winsfess base stations. 

9. A wireless-base-station system, 
charactarized by comprising: 

a plurality of wireless base stations (51. 52. S3. 
54) : and 

a central control station (50) controlling said 
wireless t>a5e stations and connected to some 
of said wireless base stations directly via. opti- 
cal fibers, 

wherein one (52) of said wireless base stations 
Includes a wtralaas transmission unit (72) con- 
figured to transmit a radio frequency signal to 
another one (53) of said wireless base stations, 
whereby said one (52) of said wireless base 
stations receives a signal having a radio fra- w 
quency from the central control station (50). 
and transmits the signal received from the cen- 
tral control station to said another one (53) of 
said wireless base stations. 

22 

10. A wireless-base-etation system, characlerteed by 
comprising: 

a plurality of wireless base stations (51 , 52, 53, 
54): and 

a central control station (50) controlling said 
wireless base stations and connected to some 
of said wireless base stations directly via opti- 
cal fibers, 

wherein one (52) of said wireless base stations m 
includes a dlgltal-to-^nalog conversion unit 
(101) configured to convert a base-band signal 
into an analog signal, a radio frequency conver- 
sion unit(l03) configured to convert the analog 
signal Into a radio frequency signal, and a wire- 
less transmission unit (72) configured to trans- 
mit the radio frequency signal to another one 
(53) of said wireless base stations, whereby 
said one (52) of said wireless base stations re- 
ceives a signal as a digital signal from the cen- 
tral control station, and transmits the sigr^l re- 
ceived from the central control station to said 
another one (53) of said wireless base stations. 
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